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ENG424 – Power Engineering 
DURATION 
 
Reading Time: 10 minutes 
Writing Time: 180 minutes 
 
INSTRUCTIONS TO CANDIDATES 
 
1. This examination is worth 50% of the total assessment for this unit. 
2. Read the questions carefully before attempting. Attempt all questions. 
3. Questions are not of equal value.  
4. In order to explain your work, draw suitable (circuit) diagrams whenever possible. 
5. Highlight the final answers. 
6. Don’t forget the units. Absence of a unit may cost you some credit. 
 
EXAM CONDITIONS 
You may begin writing from the commencement of the examination session.  The reading time indicated above is 
provided as a guide only. 
This is a CLOSED BOOK examination 
Any non-programmable calculator is permitted 
No handwritten notes are permitted 
No dictionaries are permitted 
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QUESTION 1  (15 marks) 
Briefly answer the following questions. One or two sentences each will suffice.  
Q1.1 How does the voltage generated in a circuit relate to the Flux linkage? Use plain English, not 
equations.          (1 mark) 
Q1.2 What is a power substation?         (1 mark) 
Q1.3 What is an infinite bus?         (1 mark) 
Q1.4 What is power factor? Use plain English and no equation please.     (1 mark) 
Q1.5 How does an isolator differ from a circuit breaker?      (1 mark) 
Q1.6  What is the difference between equipment grounding and system grounding?   (1 mark) 
Q1.7 Power utilities around the world generate ac voltage in sinusoidal form. Why?   (1 mark) 
Q1.8 Consider a set of five numbers: 1, 4, 13, 0 and -7. Determine their geometric mean and the rms value. 
            (1 mark) 
Q1.9 What is an instrument transformer?        (1 mark) 
Q1.10 How is an instrument transformer different from a power transformer?    (1 mark) 
Q1.11 What is the difference between core type and shell type transformers?    (1 mark) 
Q1.12 A small section of an electrical system consists of a three phase alternator which supplies a bus which 
in turn supplies a high voltage transmission line via a step up transformer. There are circuit breakers 
interposed between the alternator and the bus, between the bus and the transformer and between the 
transformer and the line. Each circuit breaker has an isolator on each side. Draw a single line diagram 
of the part of the system under consideration.      (2 marks) 
Q1.13 A single phase series circuit consisting of 8 ohms of resistance and 6 ohms inductive reactance is 
supplied from a voltage source of 240 volts line to neutral. Draw a phasor diagram showing the 
current and all the voltage drops in the circuit.       (2 marks) 
QUESTION 2  (10 marks) 
Q2.1  A 200 kVA, 480 volt, 50 Hz, star connected synchronous generator with a rated field current of 5 
amps was tested at rated speed and the following information was obtained from the test data. 
Armature resistance = 0.2 ohm 
Synchronous reactance = 1 ohm. 
 
Determine the voltage generated by the machine when operated at full load and rated voltage at a 
power factor of 0.8 lagging.         (7 marks) 
Q2.2  If the generator described above is a 4 pole machine, determine the speed at which the machine must 
operate. What speed would be required for generating a 60 Hz voltage?    (2 marks) 
Q2.3 Repeat Q2.2 if the machine had 6 poles.        (1 marks) 
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QUESTION 3  (15 marks) 
Q3.1 Of all electrical machines, transformer is the most efficient. Why?    (1 mark) 
Q3.2 A distribution transformer is rated 11 / 0.415 kV and the high voltage side is connected in delta while 
the low voltage side in star. Draw a diagram of the winding connections and determine the turns ratio 
of the coupled circuits.          (2 marks) 
Q3.3 A single phase ideal generator generates 480 volts and supplies a load of 4+j3 ohms through a 
transmission line which has an impedance of 0.18+j0.24 ohms. Determine the load voltage and 
transmission losses.          (4 marks) 
Q3.4 Now suppose that the generator voltage is stepped up 10 times higher by using an ideal step up 
transformer. The same transmission line is used but the voltage is now stepped down at the load end 
by a factor of 10 by using an ideal step down transformer. Determine the load voltage and the 
transmission losses in this condition.        (6 marks) 
Q3.5 Determine the improvement in transmission efficiency in the above case.   (2 marks) 
 
QUESTION 4  (10 marks) 
A dc series machine (ratings: 9.25 kW, 185 volt, 1500 rpm) has an armature resistance of 0.25 ohm and the 
field winding resistance of 0.05 ohm. The data for the magnetization curve is given in the table below. 
Ia 
(amps) 
0 10 20 30 40 50 60 
Ea 
(volts) 
10 50 106 156 184 200 208 
 
Q4.1 Determine the terminal voltage of the machine when it operates as a generator and the armature 
current is 15 amps. (You may assume the magnetization curve to be approximately linear between 
successive data points.)         (3 marks) 
A separately excited dc motor has the following nameplate data: 100 hp, 440 volts and 2,000 rpm. 
Q4.2 Determine the rated torque.        (2 marks) 
Q4.3 Determine the current at rated output if the efficiency of the motor is 90% at rated output.  
            (5 marks) 
END of EXAM 
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FORMULAS 
(Symbols have their usual meanings in the context of the particular formula) 
 
MAGNETIC CIRCUITS 
A/dNμ/Nλ/iL 22  ;   
  φHNi  ; Ni/μHμB  ;   
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K a  ; ωKE aa  ; aa IKT  ; ωTIEP aaout  ; La=p wound. 
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